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Transient subpicosecond Raman spectroscopy has been used to measure electron transport
properties in an InxGa12xAs-based semiconductor nanostructure under the application of an electric
field. The deduced electron drift velocity has been found to be significantly larger than either GaAs
or InP-based p – i – n nanostructures under similar experimental conditions. We attribute this finding
to both the smaller electron effective mass and the larger G to L (X) energy separations in
InxGa12xAs. The experimental results are compared with ensemble Monte Carlo calculations.
© 2003 American Institute of Physics. @DOI: 10.1063/1.1602167#Recent advances in semiconductor device fabrication
have allowed for the creation of conditions in semiconductor
structures where transient electron transport becomes impor-
tant. Transient effects can dominate electron transport prop-
erties when electrons are subject to high electric fields over
short distances and time scales. The small size of devices of
the order of 0.1 mm recently achievable, together with a typi-
cal device operation voltage, suggest that transient effects are
going to govern the behavior of electron transport in semi-
conductor nanostructure.1–4 III–V compound semiconduc-
tors are expected to be the most interesting group in which to
study such transient carrier transport phenomenon. GaAs and
InP have been demonstrated to exhibit significant increase of
electron drift velocity during their transient transport over
their steady-state value.5,6 In this letter, we report experimen-
tal results on the transient electron transport of another tech-
nically important semiconductor—InxGa12xAs (x>0.53).
The deduced electron drift velocity in InxGa12xAs (x
>0.53) has been found to be significantly larger than either
GaAs or InP under similar experimental conditions. We at-
tribute this finding to both the smaller electron effective mass
and larger G to L (X) energy separations in InxGa12xAs.
The InxGa12xAs (x>0.53)-based p – i – n nanostructure
studied in this work was grown by molecular beam epitaxy
on a ~001!-oriented InP substrate. The detailed sample struc-
ture is shown in Fig. 1. The p-type region is composed of a
100-Å-thick Zn-doped (>531017 cm23) InP layer. The i
region is a 1-mm-thick intrinsic In0.53Ga0.47As layer, which is
the active region probed by our Raman scattering experi-
ments. The n-type region consists of a 1000-Å-thick Si-
doped (>531017 cm23) InP layer. Gold contacts are estab-
lished on both the p and n sides of the mesa-like p – i – n
a!Electronic mail: tsen@asu.edu1430003-6951/2003/83(7)/1438/3/$20.00
Downloaded 16 Jan 2012 to 140.114.195.186. Redistribution subject to AIP structure in order to apply an electric field. An opening of
0.25 mm2 is created in the gold layer on the p region of the
structure so that light scattering experiments can be carried
out. The Zn-doped p-type layer and Si-doped n-type layer
serve as a capacitor and provide a uniform electric field
across the active region of the sample.
The excitation source used in this work is a double-jet
Styryl 9 dye laser synchronously pumped by the second har-
monic output of a cw mode-locked yttritium–aluminum–
garnet laser. The ultrafast laser has a pulse width of >600 fs
FIG. 1. The In0.53Ga0.47As-based p – i – n semiconductor nanostructure used
in the transient Raman scattering studies of electron transient transport. The
reverse-biased condition is used so that electrons photoinjected inside the
1-mm-thick undoped In0.53Ga0.47As layer traverse from p region toward n
region.8 © 2003 American Institute of Physics
license or copyright; see http://apl.aip.org/about/rights_and_permissions
1439Appl. Phys. Lett., Vol. 83, No. 7, 18 August 2003 Liang et al.full width at half maximum. In our transient experiments,
since the same laser pulse is used to excite and probe non-
equilibrium electron transport, the experimental results rep-
resent an average over the duration of the laser pulse. The
single-particle scattering ~SPS! spectra were taken in the
Z(X ,Y )Z¯ scattering configuration where X5~100!, Y5~010!,
Z5~001!, so that only the SPS spectra associated with spin-
density fluctuations were detected.7 The backward-scattered
Raman signal is collected and analyzed by a standard Raman
system consisting of a double spectrometer and a photomul-
tiplier tube. All the data reported here were taken at T5300
K.
Once the Raman spectra are measured it is straightfor-
ward to convert them to velocity distributions.4 One can un-
derstand this conversion in a simple way as follows: From
conservation of energy and momentum in a photon-electron





where v[v i2vs , q[ki2ks are angular frequency transfer
and wave vector transfer of the incident photon, respectively;
v i , vs are angular frequencies of incident, scattered pho-
tons, respectively; ki , ks are wave vectors of incident and
scattered photons, respectively. V is the electron velocity;
\[h/2p , h is Plank’s constant; and me* is the electron ef-
fective mass.
Equation ~1! states that the angular frequency transfer of
incident photon, which is measured in the Raman scattering
experiment, is ~apart from a constant term! directly propor-
tional to the electron velocity along the direction of wave
vector transfer. In other words, it implies that Raman scatter-
ing intensity, measured at an angular frequency v, is propor-
tional to the number of electrons that have a velocity com-
ponent along the direction of wave vector transfer given by
Eq. ~1!, irrespective of their velocity components perpen-
dicular to q.
Figure 2 shows the measured electron distribution for an
In0.53Ga0.47As-based p – i – n nanostructure, for an electron-
hole pair density of n>531017 cm23, E515 kV/cm, and
excitation photon energy of \v51.43 eV. The electron dis-
tribution has been found to shift to the opposite direction of
the applied electric field, as expected. In addition, we have
FIG. 2. The measured electron distribution for an In0.53Ga0.47As nanostruc-
ture, taken at T5300 K, for an electron-hole pair density of n>5
31017 cm23, and at E515 kV/cm.Downloaded 16 Jan 2012 to 140.114.195.186. Redistribution subject to AIP found that the electron distribution is extremely non-
equilibrium and has a cutoff velocity at around 1.43108
cm/s. This cutoff velocity is due to the effect of nonparabo-
licity of the band structure as well as the onset of electron
intervalley scattering.
To obtain a better insight into electron transport in
In0.53Ga0.47As, we have carried out similar Raman measure-
ments for GaAs-based p – i – n and InP-based p – i – n nanoi-
structures under the same experimental conditions but with
the same initial electron excess energy of about DE>0.65
eV. These experimental results are shown in Fig. 3. The mea-
sured electron drift velocities are (3.260.3)3107 cm/s,
(4.060.4)3107 cm/s, (5.460.5)3107 cm/s, for GaAs, InP,
and In0.53Ga0.47As, respectively. We attribute the signifi-
cantly higher electron drift velocity found in InxGa12xAs at
T5300 K to both the smaller electron effective mass and the
larger G to L (X) energy separations in InxGa12xAs.
To understand and interpret our experimental results, we
have carried out ensemble Monte Carlo ~EMC! simulations8
of the photoexcitation process in such a p – i – n diode with
parameters appropriate to the experimental structure.9 In the
main panel of Fig. 4, we plot the distribution function that is
calculated. The peaks are sharper here, as no carrier–carrier
interactions have been included ~which would broaden all
the peaks!. An important point is the nonparabolicity that is
included in the simulations. Here, we have used a nonpara-
bolicity factor different than the bandgap, and which is esti-
mated from the 16316 k"p theory of Cardona et al.,10,11
which suggests that an 80% mass enhancement at an energy
of 0.5 eV above the bottom of the conduction band. Larger
values of this nonparabolicity factor move the peak in the
distribution to lower values of Vz , so that the use of this
value is driven by the experimental results. Another param-
eter is the location of the L valleys ~and, similarly, the X
valleys! of the conduction band. There is some uncertainty in
this, with early work suggesting that the L valley lies no
more than 0.5 eV above the conduction band minimum,12,13
but larger values have been suggested by other work.14 While
the value of this parameter does not affect the peak position
of the distribution function, it does affect the average elec-
tron velocity that is computed. In the inset to Fig. 4, we plot
the average velocity for several values of the L valley posi-
FIG. 3. The measured electron distributions for three semiconductor nano-
structures: In0.53Ga0.47As-, GaAs-, and InP-based p – i – n , taken under the
same experimental conditions.license or copyright; see http://apl.aip.org/about/rights_and_permissions
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averaged over the pulse width of the excitation laser, and the
error bars give the variation within this time window. It
seems clear that the high velocity measured from the experi-
ment is supported by a valley separation of roughly 0.7 eV.
In conclusion, we have used subpicosecond Raman spec-
troscopy to study electron transport in an
In0.53Ga0.47As-based p – i – n nanostructure and have simu-
lated the process with EMC techniques. A large electron drift
FIG. 4. Electron distribution from EMC simulations for an
In0.53Ga0.47As-based p – i – n nanostructure. The inset corresponds to elec-
tron drift velocity for different values of G-L energy separations in
In0.53Ga0.47As.Downloaded 16 Jan 2012 to 140.114.195.186. Redistribution subject to AIP velocity has been found as compared with other III–V com-
pound semiconductors such as GaAs and InP. We attribute
this large electron drift velocity to both the smaller electron
effective mass and the larger G to L (X) energy separations
in InxGa12xAs.
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